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(57) Abstract: While a drive signal is being given to a movable element (Ai) 
such as an electrostatic drive actuator to displace it, a displacement detector (6) 
detects the displacement. A calibration unit (15) self-calibrates the relation be- 
tween a drive signal and a displacement to thereby correct a change with time 
in actuator characteristics and an environmental change. A switching unit (7) 
selectively connects one displacement detection unit to a plurality of movable 
elements (Ai) so as to reduce a displacement detecting circuit. 
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?^e>^^^i^^^(/^<i:^lc^gl!)iV A S/J^^<■5■§c<i:T!, ID DtitE 
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ttmT^^i^^mm^mm-^^ziziz^D. 1 ^nmm^mfooym. 
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nfiS^n-ciSs $o^lg|5 5o«^^^z^tiJ^6£Dtt5^)^^^;^■cqIDm? 
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m m 5 2 tz m s. m 7t\ - ; i/ k 5 3 1. g m % •§ » 

iii§e<!:UTAt)U BfT^<D^iJ^l!fS14^^^-es^i£)(DP I D 

7lx-JU Kg(J5 3«C<D*EfiIV u , V R (DJi^fii^qIiJ]^?Ailc:^r^ 
§fi^iiV u , V R1 tUTS^U ^lollCMU t -9--7ft$iJ®g[J5 2#5 

mmmm-)\y \*%i53iz®iow%. quasi? am cd^^^s^je 

w ±i (D <£ o c is m u 1c: -r o □ p ^ ^ zl x - $ cd a w ic o o ^ t * 
20 ^5£#^o&#si&Bj§-r§ 0 m5&*nffiMm[zisv& 
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5 5^sbi 1 &&tiofcmwmfom£-^&<£5\zy-7r\mm%\i5 2 

io (7r5»^64) x v-mmm^s 2&^<Dm&iz3$v&mfrmv L . 
5 3«ccDaff{iv L , v R cDJi^fii^DjS]m?AiC)<ifrsm^fiiv ul x 

iii?Ai<D&^£^te1gmS06#63Elil7t\-;u Fg05 3\Z®tQW 
<I^^)\j-yUm\ZW^^> (7ts/^67) „ nSgcDqfffiim^A 
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5. MOSh7>$?^26, tilit§2 7. A D^J&§§ 2 8 COl^ 
(HUM) CD^>am2IiC^^n^lES]«ffV L , V R (D^fcz)V L . 

v R (Cc£§*^iz-/ h^giu gSJU-^ijfPiiijg^M&Ti/^o ^ 
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d 5, T L |x T RI x T PI £JgffiU ^-fs/^SON O/cHalCteSM^lE 
^n^Hgtt&ffl^ 1 SS©ffil!llsIg8ICjg«IU, 
5 F 0£fflaiCttSStt?Sg»!|*JBU:-3-§. &3O0^?(DON, O 
F F(Diffl9S7tB:-JSU-Cf5rtm«. 

Si£Z«ltBSB7 1 ICS, Hfl(5JBJII2(7)*^lC»D^.T:, f£JS§§72x 
§i»§§73. a-/a7<J^74^izSo #lti§§72«> SB 1 

©ssjs&M#&£Sii2 1 £m-(Dmmm f sit oacii^s#i^-§- 

10 g:7c N fSS»7 2##i£"r§ACM©t&t§B\ IKD1IS 

««S£tt2 1 <D»£«EE(DtofifcH-Cia*3nS. iifl§§73 
ll(B»27(DmSt»lgH7 2<DtHtl<b^mD§„ cn Cc^^x 

ja«»2 7(Dttj;bj*»a>55H«« f ©esjR^tD^^aittisn, 
y?<*Wc.mz. AD^^i§28ic^io ADiisn§o cncct 

20 nmi&mx&o 

g^iI§£<!:UrAiU C(D$OiPfcti;!Dt OT*EfiIV L . V R (D 

ja^ttssaxa^snfeBrmiRyAicw^^HJu-^MWse^. 
3;/cx mm&T st&znvaxoys c^eiso ^mxx^o. 

pjium? Ai^tt-7it$u^gii7 7 t&fficsn-ci/^isiiss&i-ai'rso 
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±mm t j.m± t&s mmu7 5 te-mmm^A\izn-$&m)\s-y 
5 um&mj'-§-z> 0 ±mmv &mm(DWM\ztt{,\T&mmtf)&m-$& 

1 Oiu(DqIlDS?Ai-1(DJiPglIrCxirUT^I^CDlR 

mmm t \-itfi}\<*ftz>Tcm&\z. ^(D&wmmv - 1 mcd^s^ 

10 /cl3-SU£qJE)l!t?Ai<D±[5SfiIr extols OT±§iitt OTfegtUo 

tt-7K^ijfpg[57 7iCcfcsqiii)m?Ai/\(D^;u-^$ytfi)S^T-rs 

i23 0exg[3 7 Oia^tD^-l- y SON Us U M SB 7 5 « qJ 

Sm?<DH;U-:7fty»£0S355!J-Cfjo7:t^<. »»<D qJSliR? An 
20 ©H;i/-^M»S»7T5(!:, iyH0OIi*?A1CB>o-C2 

tt-<^>iug(Dpg>ii/-^^ys0SfTOo c(Dtt-r oMDmmmm&yi/ 
-ixmmv§mtiWiS\z\£i\z-$g> 0 yu-Ammm sprout 
o^=LJi-s{z^isbsn^>mmmmi^^ ^w\°^c u . c RI c 
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mmmmttezy* teat, ^{zmib-ymm^v^mwmx^ 

mm^m^^^ommiz^r^c^x^^. 

10 TC^^LJi-9(Dm^m)i-ymm)\y-^y(Dyn'-^v- hx& 

£3\ ±mmz&V]mmT0izwife-3-z> (7t«^8o) 0 sous 
ii ro&yu-2±mmmm(D j \/n(Dmx&io, ^^romichs^^ 

15 Ai£UT1 #g(Dqjam?A1^jl^-r-g. C*5^3?8 1 ) 0 

qimm^AiCDftiiJtlPffiEEfiiVus V R (D 3013 ilia, g^^&^^^M 
20 1 <Dtti;b£m3ISM 2TIllUT^^L/£t^^t§ 5 s 2/37 
8 3) „ ^itZ^ttSgpT 1 «qJ»im?AicD^{LZ^^aiU. C(D&tB^ 

T{zu^joms\z^t)--7nmm^T7\^mm^muicLizmm^^> 
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5 1t-7K«|»ai7 7lC:efcSBrBl5R?A i A(0HJl-^iiS»7O, 
e)Oixgff70^l'^TSiSOFFUIi?T LI , T RI . T PI £^ 
j^HIC"^ (7t;i/^87) o 

&IC % $$j)B3IEg (r-ti-1) CISa^iDI, ^(DqJB^^IC 

^■r«ra;i/-^j!ftseia<D±®ffiric:«ioiS8-r c^^ss) „ 

exp(-1/n) Sl/cfltU 1 ^L/-A«M8firHWifl(D*W 

&IC\ KDtSOi^U^VhU qTfil3R : ?Ai+1(DB8JI/-:?Sy 
15 ffllCf£f5TS (^Ty789) . Co OTIi^ °J®)m?£ia Olx 
ft#SHJU-:7ftiJfBI£f5(/K -MUTnggCDqJi3]m?An<D^>/U 
-^Ji^T^St, <lgz:ig«@ t UT1 gg(DqJ»lii?AnCO 

20 +7-7i<©jiaiaj7 7Ccfesa;u-^fliia t iRmu/c«Bifflos^ 

25 3:7c, SqJl!l*?<DH^-^*0fflIC:S!lO^T6nS^iaK:J:BB«i 
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(iiii4) 

l^8~1 OSiiUSi() 1 5> ##SqaiCd;§v>-f ^□^S^al- 
M 8 13 * 31 fiS flg H IC 33 V -T ^ □ P <7 n X - 5> <D # p $**a B 
TiTi^d: 2ii(Diigsmtt#qJtB£&o"tt/^o SqFffllR^iaa 

<D$§£5U3CCD3fg<D3 0 7 2i@T35§o 

£&1 0 0_tlCl3iEii]ls)S§1 OOaW$n, ^-CDilei^^ll 

1 01 OT^$n§, tetftiBi 01 Jzicia^-^ 1 0233^^3^ 

03~1 0 5W$n§. 1 0233<£tt@5£ 

111 03-1 05S^ PJL/^XOA (AD ^3f£tt^«i8S/U=l> 

111 0 3ISHl/MC^rzfC§iffiiS^^°Iti^^1 ill 03L33c^ 

umzmmi o3rsm§, i^in 04, 1 ostiscs 

30 



WO 2004/041710 



PCT/JP2003/014125 



^n^nniii o4L, 1 05 Lis&umzmwi o4R, 1 

05RSix§, 

£11 111 03L~1 O 5 Ltt&UmzmWI 03R-1 05R 

stsi ooic^^^n^isifli5ii^i oo aicjg^3n-ci^5o isu 

[§1S§1 OOatt, 0 — 3 O VCOSSBl^lTfS^&lZO/cSffiSlgl S 
H1 03L~1 O 5 L 33<£a§§2SH 1 03R~1 O 5 R Id EP *)0 T 
SCt^g^, C(DEDaD«ff«^!)xl^12bit(D^^P^(7)et L/T 

300)3-^71 07~1 0 9^n^ni Sif CO t> 5? 1 06CJ; 

o-csxtoMwerix ££>iccnsco3-^7 1 07-1 o9£^/j\s- 
^-1 1 oicmm-$-z>fc&>(Dtpmmif£s\m 1 1 i^itsnTi^o 

§. o2«x igtei 01 icjf^^n/cej 7 c^i§i^) 

iCcfcoTigaigissi oo aic}g$!<*rn:i/^o 1 o 

2m±«s(,Mdm«]C^iiUT33i0s ^n^nttniLUxmm)® 
s§i o o aizmm^nx^^o 

07~1 09ld\ ^ffi-rSlg^S^I 03—1 05IC2it 

idjl/x ^n^ntp-mmmmt: urntgTSo 3-^1 07-1 09 
iteBtoic:i£5£<*n-ci/^„ 3-^io7~io9it ^n^enfgi 

«*I1 0 3L~1 05L33cfca^2ffiM1 03R-1 O 5 R ICxtflS) 
"TSiLlglCIfgl C9£P#1 07L~1 0 9L^cfcO*^2cDSIJ^1 0 7 
R~1 09RSI L/II/^ 0 3-^71 07~1 O 9 I3S(/WCH) — CO 
J^^SUT^fOx ifiCilTS^i/^PglOx 1 OC03-^7lC:Ol^TC0iaBJ§ 
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m & m (d a - o \z z> i/ \x =& m m £ n s . 

3-d7 1 0 8£li!SlfdJA1 S«tJiC*C@ttgttlC^lf ^sn, 3-^7 

io7s 1 0 9«igisjttA2^*^ici5jagaEic^}f $ns, mm 

MlA1 (^^(SA2) £iS3£-rS75lql£x tU x 75 PS IC BUSTS 
qJSHR^Otfs/^r^WSptTSd:, 0lt)$fiA1 £SHHA A 2 £13 
HtMCx7D(olC¥tf^^5a s (=p/2) efJ1»nEtttlCKW6n 
So CCDcfeoC, y 7DlqllC|g!$STS 3-^7 El ±130 ®$4 tfHl/MZx 
7DfSllC^tf^^^T*B^nT, m$««4KlCB35!13nS. 3-^7 1 

0 7S^3fTSfc>$>1 0 6 IS, 3-^108<!:^§3-i71 
08' tCDHcDIISHIC^ffiTScfcoCiBtS^nSo 

fg1 111 0 3LlCigKmE£-^7t7cii^ 3-^107(73^1 

(Dgp^i 07Ltfii m 03 LfltiicuRsi^ns. cnic^Uv 

i211 1 0 3RCB««ESM£g^ m2<DUid J \ 07R 
^12111 0 3RflllCI|RSI^nS. C(Dcfc5ICUT, ©S&$d)A& 
^i^ICUTCW OSSHglO) 75(°k CCW (SB$ltlgJ«0) 75l°)(D{5jn 
C^UT^s M3R«llClSlfil7J^^-ST!^So 

n 1 1 o 7 l (Dji^ia^cDigffii^ 1 o 7 c mmnmm^ 

3-^71 0 7l3<*>P E S>I^Simi 1 -1 (D3Sjg1 1 1 a<blig 
^TS 0 3:/c|g»)j51 07 c(DiSe§CI33-^7 1 0 7SSa-TS38 
7*vM 07d^§. 

* HiSISeiJW 1 1 1 3&<D3zmi 11a~111 cSix, 
SS©1 1 1 al33-£?1 07(DIEffl^1 07c<i:IigU gliB 1 1 

1 b 133-^71 08<Dig8)rfa1 08c<!:i^U SSiB 1 1 1 c!33 

1 O 9(D|gitl^ 1 0 9 c fcglfgUTl/\So C<D/ctfK 3-^71 
07-1 0 9^fSgyiClslll]lgS)^-es<bx 58jg1 1 1 a~1 1 1 c 
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1 1 1 0>3B»#J£3:3, 1 1 a~1 1 1 c iS6§lC&*PElSl^ 

SB»1 1 1 ^mm^^Mftl 1 3 a~1 1 3 c£l£tt3o 

$tm^-i 1 os, ssisi 1 4c«fco-c*iMisa&*ai 1 1 © 

ilMgBWI 1 1(Dig»Ccto-C^$n5. x75lqJCWtSg-rs«lt/J\ 
5^- 1 1 OflDtTu/^MHp laiOOjunru ^ "5 — S c5 L IS 98 // m 

311 1 03L~1 05Lx 03R~1 O 5 R'XCD 

H«l«EE«8lJlfc:«l»-rsc<S:C«i:£K «/J\^5-1 1 Ott, z7d 
IqJCD^iSx xlfiJSOCDfll^x y Mll|lO<DflfiSICOl^T:iE^5R7DlqllC 

^lCi9SiiUt, ISS)|5JS§1 OO a(Di¥^i^i$iBJ-r§ 0 GB9 
B*Hfi6fg||lC^rtS"v'-r^DP^75 i nX— ^CDffiMlslgSI OO a 

^S&jR?fcAU£OT-|g(ci3«3nT:^s. ^^cd i £ j «qJS 

Ai f i~Ai.3ttrai>tt/j\5^-s«ifl k *rfetf)(D 

3CXDqTfi]m? : T!^§o HtAh^-D." »y h#3 2ISX3 2.m(DT> 
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^-r^^oFF$n§. §mos h^vs^sMCctsaaESSfes 

cn6(Do^> TiCD3i(DMOS h ^ V $> « ql®m? Ai.i 

mmmiZy h^BDj L , b d j R s BDi P s^n^nqiai^?Au 

^l^±iUT:^lE<!:^eIcl:^Dll^^g?IE■r§[s^lc^(/^6n, t^tiSJlo- 

10 K^WSi^HlC-TSt, titmrntZy hiB Sj LX BSj R . B.SjpS 

So 

0!)^.«x y 5p®P5(Dgl^^iiZMlca3I^Sz75(q)A(D^fii 
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ggJIgliZ^-S'ZUte:, u j (DlitfiS^-ri2bitg|5<i:, Sig 
ill CD^^$^-1 28-1 27^T!(D256^Ug-Ca-r8bjtgP^^O§t2 

10 Obittf) 5 s gfl^fiiS^gP 1 2 3ISx j(DlS-rV 
^7U^VhUS^6x §g}i^tt5=-#Zi,j£1 O^O^gM 2 
4CtUt)-r-S 0 j (Dii^«^{i9 6lC)iU^6 i^O^U^^h 
t§ 9 fifoT. tBtl^nseil^iil^-^cDIIiSIS, Z 1(1 x z 1t 
2% • • •% Z 1>96 % Z 2 ,i% Z 2 ,2^ ' * ' 1 1/^ "3c£ o IC&5o 

15 SHS12 4S, Sii&te?— 5>Zi,j£P ^^tUTS^Si: 

So Offimi^-^Dute -1024—1 0233; T(D2048ISI5g(DfiI 

20 »2tI©i:56T6S^SSUt^5. C(D^^^-^;U«g?IE 
SB1 34Tr^^^n. g&SIH 24P^CDSS^^qItg^^ I E l JC^ 
m^tlX^^o «ffm^^-^Di,j«1bit^02y^ hLy*?^^1 2 
5 iZ^xBflSo 2 5A(D^ffi}f^5 ; -5'Di,jCD 

£tt#^TT§£* ^(Dqliflm^AU+KD^aEJg 

25 ^T-^Di,j+1^l5nS. 
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-#Di,j£1 bit^Olli^SIOTt/^o °Illim?Ai,1~Ai,96[C>tit 
KSi-rS«EEJ8^7 s -^Di,1~Di,96^Tf(Dl53Sa t ^TU/£Bii5T?, 
UD0S^.©J»SB1 2 1^5^iyf1 2 6 (C^ h □ -^fli§ S tbtf 

-<9DU~D\,9etfi-t : £lsT : 5y3 iJ \ 2 6EHSJfi5n5. S/^hL/ 
5>;*£M 25(D$s^5lJ^«16.9MHzT!s 1 1 bit X 96^(7)5=-^ * 

b 1 2 5 SM^lC^(Dt5CDqIiam?Ai+1,1'-Ai+1, 96(7)5= 

-^SISSSTS. t^oTx ^iv^1 26S^62.5^sJlii-e^hD 
-7§§St b^SttSCtC&lCK C(D^62.5justfqJffi)St?Ai, 
1~Ai,96^CD*EEDZlDfl^P^ICffi^-rSo 

2 6lC«JSSn7£«M^5 s -^Di.1~Di,96B\ 96 
illCDD A=]^/\*-SM 2 7 33d;y^-<u/5 l 1 2 8 (Dg*? IC<£ 0 x & 
qJll]m : ?-Ai,jCDll^S^llCEPt)D'r§iEl!li|JEC^m^tlSo CCT 
BqT«I*?AM lC^r/ig^-SDA=i>/\*-^ 1 27 a£*'-f ry^1 2 
8 a^eUCtoTIKBJi-rS^, f&(D9 5 fDCO D A D ^ 

DADVA-^I 27atts 1 IbitfD^IEJg^^-^DU CDTfiZ 
-|Obit£A;b 0~3 O V(D^BT?^S^S:*.§£<£>iEl]Sff£ 
t±3 * 3- S 1 Obit(D D A ID yrt- & §. 

^-fy^l 28a«. 1 1bit(DSEEJg^5 i -^Di,lcDe±i£lt:-/ 

D 1L SJ$ift«ffIlc:iga!U, IKifl^tTiV h«BD 1B £DAD>/t-* 
1 27 a(Dt±itllCSl^TSo 3:/£x »i:tiZ tT y hCDifitf 1 & 6(3, 

mmm^y hssnBD 1L £DA=j:/M*-5M 27 aotuacjgasus 
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?AM(DgM^i£tfIECD<iI<Dii^l3:DA=]^M*-5M 2 7 a(Dtt!t) 

ccd^oCs 9 6n<D±T(Dmmm¥y \-ms d 1L x b d 1R icxij 
cntiu^c, ®<ow7Lmm$vi 2 1 «^o^=]-5M 20c 

dr1^x§. ISlflffl^- FiS£WDitf H£&§£> qJBliSi^Ai, 
10 1~Ai,96£t^n^niIB]fiey hi6£BD 1u . BD 1R , BD 1P <!2*iI 

I&BJlU/ccfcoCx qiam?Ai > 1~Ai,96A<DlgK)aaE<DEPl]DBt^lS 
62.5/is-CS§, -75, qJSl^?Ai,j(D-^«li)l^ill«70'-10 

20 SiJg^mtoTl^So 

(PfJU-^ftliPB^ICttx CCDcfcolC62.5/2sjll&§T: i <D<t£0^7 
U><>hUTt\g, ^n^n<Dfr<DWaiii?AU~Ai,96ICp;Tii<D 
I<fiS§^§, 3 2fr^T(Dqiaim?^l§>'U-^$iJ^l-r§cDlc:^-r 
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U 7c IC 3o ■§ 0 

y*)b(Dtiil3&D ADV/t-^ 1 3 1 av 131 b C5z§o Cfl 
lCc£OD AD^A'-SM 31 alSt±l^SffV L +V A (1 +sin CZnf 
t) ) £tt}£U. DAD>A-51 3 1 b(3ttS;b«ffV R +V A (1 - 
sin (27rfO ) ^ihti^^o mmzte^(DM<m\/ A s i)^f(DAC 

n&m^w-\ 3oiss^Mic«v A cDfii^-^(c:u^^^. is an* 

EtSSV L d:V R ©(i;55^-75SOV(!:U tti75&mi&&im\Z& 
«BEV A SftrJOU^«^i:»oT330, DADVA'-^I 31 a N 

1 31 bcDihtimfrtemizmcDm&tz&o 

UD«9 83.SM 32IS, iaO»^*flffllSIJ1 21 Kly*«3Ad 
r2ICiSD-Cx Sg j 5!|g<D&mfBfc?!i/ h!8BSj L . BSj R , BSj P £ 
^nDAD^A-^1 31 ax 1 31 bu &t&8tiJgB1 3 3 Id 

>^=)-^ 1 2 cm, wowtluw^i 2 1 (d^fu 

7g§Ad r 1 ICSDT. 95 i ftmcD&ihmD- KiWS i £HIC 
1"So cniCcfc«0, fctLUSbTs/ hS^BSj L s BSj R , BSjp^^n^ 

n°j©^?Ai,j(D^i mm. m2mm. a-^csasns. :5 

U"C. &S*an£1 0(Dqr»»?Ai,j<D951 *8L 95 2 €81, 3- 
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^^nftlDA^VA-^l 3 1 ax 131b, gto&HJgd 3 

3 c }g in £ n § c £ ic & § o 

7 1 timiy-cm&ft. %)®L(Dmmmmmi 33 acDiEiaiAtjc/w 

to^tusm 3 3tfiih£i^&^mm^Ai,i<Dm®.<Dmihmmti&Ai3 
mi o&mmistetfe>mm-$z>o iai ois^nfism^ic^ws w 

J =1 tRjfcO C^s^l 40) , tfflOS^SM 32# 

m j ^iiacD^iiis^triv h^BSj L . b sj R x BSjp^^-n^nDAzi 

>A*-3M 31 a, 1 31 bu ^iiH£ttJg|51 33CJgM-T§ C*? 
^141), i =1 t^^U (^y^l 4 2) x qiam 

?Ai,j^^te^ttl(D^^IC^}R-r§o «E^^SP1 3 0«BSE}§^ 
flDS«'J\filDminCiS^-rS (^^3/^1 43) » C(Dt^> IS 

fijffiffiv R . v L (D^g$Bv R =ov, v L =3ovi:i^ns mm 
<DMv R -v L ias<gaff c-3ov) m&§<DiftBj§ easier* 
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t§ 0 mtxiWi&(Dio®(Dmm)&m^ftz:nicmm&nT;ij\&(D&ffi 

A1,J~A32,j<t:&fciJfSfc:2/ h»BSJ L x B S j R % B S j P £<D}gi!£ 
OFFfS (7x2/71 44) . C<D£S<D^&£lttiSI$ 1 3 3<Dtb 
$&IEgM 34^^fe'j/ hHZO(D)<i:0-Cffitt"r§ (7xy 

7145) o ~mMm3 L/ \<Dmmte®m<*tiTi,\&(D~€. xy-ty^ 
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